Abstract-This paper proposes a state-of-the-art algorithm for a real-time charging recommendation for an electric vehicle driver based on an accurate real-time range indicator system to avoid range anxiety. The charging recommendation algorithm alerts the driver when charging is deemed required for the selected route. This algorithm determines the nearest charging location obtained using GPS based on an accurate estimation of state of charge (SoC) at the destination and when charging determines the optimum charging time required by the battery to have sufficient energy to reach the destination. The graphical user interface of the real-time range indicator system is also used to show the driver an accurate estimation of the remaining range to destination and the current SoC. The results from simulations of a range of routes validate the proposed algorithm.
NOMENCLATURE

A
Frontal area of the vehicle (m 2 ). a(i)
Acceleration at segment i (m/s 2 ).
BC
Nominal battery capacity (kWh).
C d
Aerodynamic drag coefficient.
C e
Charger efficiency.
C i (i)
Calculated current integration at segment i along a route (Ah).
C p
Charger power rating (kW).
C rd
Dry rolling resistance coefficient. C re (i) Effective rolling resistance coefficient at segment i.
C rw
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dir EV(i) Heading of the electric vehicle (EV) at segment i (degree). dir wind (i) Wind direction coming toward the EV at segment i (degree).
F w (i)
Total traction force at segment i (N). g Acceleration due to gravity (m/s 2 ).
I B (i)
Battery current at segment i (A). m Dynamic vehicle weight (vehicle mass plus occupants) (kg).
Min(SoC)
Minimum value of the calculated state-ofcharge (SoC) along a route. P Aux (i) Auxiliary loads at segment i (W).
P B (i)
Total battery power at segment i (W).
P Copper (i)
Copper losses at segment i (W). P Core (i)
Core losses at segment i (W). P D (i)
Inverter input power at segment i (W).
P D i (i) Total diode losses at segment i (W). P L (i)
Load power (shaft power) at segment i (W).
P M (i)
Induction motor input power at segment i (W).
P Q (i)
Total switch losses at segment i (W). P rain (i) Rain probability at segment i. P w (i)
Total traction power at segment i (W). Q A (i)
Expected total battery capacity at segment i (Ah).
Q C (i)
Corrected battery capacity at segment i (Ah). Q R Rated battery capacity (Ah).
SoC(des)
SoC at the destination.
SoC m
Minimum acceptable SoC for the EV.
SoC(i)
SoC at segment i. SoC(initial) Initial value of SoC.
SoC t
Threshold value above the minimum acceptable SoC.
t c Recommended charging time (min). t i Segment i duration (s). v(i)
Vehicle velocity at segment i (m/s).
V B Battery pack voltage (V). v rel (i)
Relative vehicle speed at segment i (m/s [2] . From the EV buyer's perspective, however, confidence in EVs is far from universal because of the EVs limited battery capacity and also due to limited availability of charging infrastructure, which can cause range anxiety (driver's fear of driving an EV for a long distance) [3] . These concerns rank even higher than the higher cost of the vehicles and batteries. Even taking into consideration the new low-cost generation of EV batteries, the range anxiety can still limit the usage of EVs [4] .
Recently, a great deal of research effort has been devoted to the study of reducing range anxiety in EV. The research has been mainly concentrated on improving the SoC/range estimation by taking into consideration driving environmental conditions [5] , [6] , driver behavior [5] , [7] , [8] , traffic conditions [8] , [9] , and time-variant efficiency analysis of the drive system [10] , [11] . The customer adoption, however, remains relatively low. This problem can be solved by combining the research in improving the SoC/range estimation with smart communication systems [12] .
The smart communication systems in the automotive industry can be categorized into three levels: 1) vehicle-to-driver (V2D); 2) vehicle-to-vehicle (V2V); and 3) vehicle-to-infrastructure (V2I). V2V and V2I communication systems have been well researched due to the large investments of governments to make the road safer by using these communication systems to reduce the traffic congestion [13] , to track the position of the vehicles for infrastructure assessment [14] , and to prevent of collisions [15] , [16] . There is still a lack, however, of research into the effectiveness of V2D communication systems for use in EV.
This paper proposes to combine an improved SoC/range estimation published previously by Sarrafan et al. [11] with a state-of-the-art V2D communication system to provide charging recommendation to a driver in an EV. The novelty of the system is that it can alert the driver when charging is required during the route; identify the nearest charging stations with the exact names, addresses, and geographical coordinates; and provide the amount of time required to charge the EV to reach the destination using simple, accurate, and intelligent model without the necessity of establishing complex information environment. All information will be automatically obtained through GPS and the mobile internet system using publicly available websites or through stored historical data requiring a little or no input from the driver.
It is envisaged that with an accurate SoC/range estimation and a smart V2D communication system, the driver can be more confident that he can always reach the destination without any possibility of being stranded. This will ultimately lead to the increased adoption of EV.
A review of the importance of wireless communication methods especially in intelligent transportation systems and current Internet of Things (IoT) in industries is summarized in [17] . From the paper, the number of IoT-related journals from 2009 to 2013 increased significantly which shows the importance of the research area.
Ferreira et al. [18] propose the SiREV recommender system for EV drivers. This system contains several modules, including a GPS module, an energy market information module, a public transportation information module, a vehicle-to-grid system module, and a charging station reserve module. Based on the geographical position of the EV, the SiREV can find the nearest charging locations and can provide the distance to the charging stations. The proposed system cannot, however, provide a recommendation to driver whether charging is required based on the charging status and it cannot advice the driver of the required charging time based on the destination. The software to calculate SoC/remaining driving range also does not consider the driving environmental factors and the driver behavior. Furthermore, implementing the SiREV model for EVs will be extremely difficult, as it will require the establishment of an information exchange environment that can communicate to both the smart grid and public transportation system.
Bedogni et al. [19] also developed a mobile Android application with the ability of providing a list of geographical position of charging stations nearest to the vehicle position, and providing a direction to the driver to charging stations taking into account the elevation profile of the route toward the charging stations. Although the proposed application provides driving range estimation and a list of available charging stations with the ability of communication between the vehicle and charging stations, it is not smart enough to inform the driver on how long the charging time will be and it requires the driver to enter the current position of the vehicle, the necessary amount of energy to be charged in kilowatthour and the desired distance radius to reserve a charging station. Furthermore, the software to calculate SoC/remaining driving range does not consider the driving environmental factors (except elevation) and the driver behavior.
Ferreira et al. [20] have proposed a great communication system as a mobile application called vehicle-to-anything, with the emphasis on vehicle-to-grid constraints. The proposed model, however, is hard to be implemented into realistic EVs in large scale due to the limited computing capability of vehicular onboard units (OBUs) which support mobile applications [21] . Also, for safety reasons, the driver needs to stop driving to utilize the proposed app, since it has lots of functions that the driver needs to capture, which can endanger the driver when driving. For these reasons, some researchers proposed cloudenabled vehicular networks [22] - [24] ; however, degradation of the service quality due to the bandwidth limitation and also security issues are the main problems of using cooperation in cloud environment. Therefore, a compromise between accuracy and simplicity needs to be considered in implementing the intelligent communication system in EVs.
Tannahill et al. [5] studied the SoC estimation model along with the charging recommendation system. The proposed SoC estimation model in [5] considers most of the environmental conditions and behavioral factors, but the authors concede that it is a preliminary paper and more research is needed into the proposed innovative system. The recommendation algorithm has the ability to alert the driver when charging is required and can also provide a simple estimation of the duration of the charging required. This model, however, is not able to tell the driver the exact location of the charging stations and provide the geographical view of the route with multiple charging stations requirements.
Some commercially available communication applications have also been developed for newer EVs by car manufacturers, such as the BMW i-Remote App [25] and Nissan Leaf EV using NissanConnect [26] , or by private companies, such as Leaf Spy Pro [27] (specifically designed for Nissan Leaf), for monitoring EVs vital parameters and recording driving history. All of these applications are user friendly and they claim to be able to provide real-time monitoring and measurement of the battery SoC, SoH, and battery cell temperature. However, more research still needs to be done to improve the communication system between the driver and the battery management system (BMS). Furthermore, these systems do not take into account environmental conditions and behavioral factor in their SoC/range estimation.
The main differences between previous researches and this study are as follows.
1) The algorithm will automatically obtain the driving environmental conditions and the driver behavioral factors from previously stored information about the driver, and use the information to estimate the SoC and remaining driving range, and for the proposed charging recommendation system. 2) The proposed system does not require a complex information exchange in order to obtain the required data for the algorithm-everything is obtained through the mobile internet system using publicly available websites.
3) The proposed system will be smart enough to provide sufficient data to the driver with a little or no requirement of data input from the driver during driving reducing the risk of collision with other vehicles. 4) The proposed system is designed to ensure that there is a balance between the need for simplicity and the need for accuracy, and, hence, the proposed model will use optimized functions considering computing capability of OBUs in its algorithm. Therefore, the proposed communication system can easily be implemented in any commercially available EVs. Introducing EVs with such an intelligent wireless communication system between EVs and drivers can be of great interest to younger generation or the technology enthusiasts who would expect this capability from their vehicles. It is envisaged that such communication systems can help us to improve the penetration of EV into the transportation market.
The remainder of this paper is organized into four sections. Section II presents the proposed real-time range indicator model with recommendation system. In Section III, the details of the proposed graphical user interface (GUI) will be discussed. Section IV summarizes the results of this study and Section V concludes the findings and identifies future works to be done.
II. PROPOSED REAL-TIME RANGE INDICATOR MODEL WITH RECOMMENDATION SYSTEM
This paper proposes an improved model of a real-time range indicator system which takes into consideration various environmental factors in real time, such as wind speed and wind direction, elevation profile, probability of the rain, time of the day, cabin and ambient temperatures, and dynamic vehicle weight. A smart data collection code is used to extract all the necessary data in real time using wireless internet connection from different sources in the internet, such as the Google Map, weather information bureau, etc. The GUI is then linked with the proposed real-time range indicator system to create a graphical view of the results along a selected route. Fig. 1 shows the realtime range indicator framework. Fig. 1 shows that an intelligent recommendation system is added to the range indicator system to alert the driver when the destination is beyond the estimated range of the EV (based on the initial charging condition and the driving pattern so far). The charging recommendation algorithm will then tell the driver which station is the best one to charge the battery in terms of distance based on the information of the available charging stations in the area obtained from GPS. The proposed charging recommendation system will also provide the charging time to reach the destination (including some margin), to reduce the time required to have the EV fully charged. Fig. 2 shows all the available charging stations currently available in Australia used in this paper. It is envisaged that as EV becomes more popular, more charging stations will be made available by local governments and private entities.
A. Data Collection and Battery Power Calculation
To estimate the required SoC at the destination, it is essential to collect all the constant, historical, and real-time data from different sources. Fig. 1 shows all the necessary input data, such as route data, traffic data, weather information, battery model information, such as age and condition of the battery, vehicle parameters, and charging stations data. Google Application Programmable Interfaces (APIs) have been used to extract the route data, and weather forecast websites have been used to extract the weather information. The data are then utilized for traction force calculation. In most real-time range indicator system, a large number of assumptions are usually made for the calculation of traction power [9] , [29] , [30] . For example, the route is assumed flat without any elevation profile or the effect of the wind speed and wind direction on the vehicle speed is ignored. To avoid errors due to these assumptions, the proposed method takes into consideration many environmental factors mentioned at the beginning of Section II for the calculation of traction force. For example, Fig. 3 shows how the external forces affect the EV while driving.
In order to calculate the traction force along a route, route segmentation is used. For each segment, the latitude and longitude of the start and end points, the wind speed and direction, the probability of rain, the elevation, and the effective rolling resistance need to be considered. Fig. 4 demonstrates the power transition in an EV at segment i along a route. Fig. 4 demonstrates that, in order to calculate the battery power along a route at each segment, it is essential to calculate traction power from the wheel side of the EV. Based on the transmission system gear ratio and the efficiency, the load power seen from the shaft of the induction motor can be calculated. In the proposed method, the efficiency of the drive system (motor plus inverter) is calculated at any instant of time, unlike many papers where the authors consider the efficiency reported by the manufacturer data is assumed to be constant at any instant of time [4] , [29] . In order to improve the SoC estimation, auxiliary electric loads, such as that used for air conditioning, windscreen wipers, and lighting, are also taken into account. Fig. 4 shows how friction loss, gravity loss, aerodynamic loss, and acceleration loss are taken into account during the calculation of the traction power/force [4] , [29] . The full details of the traction power calculation along a segment of a route are given in (1)-(3).
In (1), m is the dynamic vehicle weight (vehicle mass plus occupants). An average weight of 75 kg is considered for each person seated in the vehicle up to five people. To implement this in real time (without the necessity of entering the number of occupants at the beginning of a route), it would be possible to consider utilizing the already installed preexisting sensors used for seatbelt warning light in order to have an accurate estimation of the number (weight) of occupants.
The traction power at segment i along a route can be calculated using (4). The negative values for traction power calculation represent the power direction from the wheel side to the battery side of the EV (regenerative braking mode).
P w (i) = F W (i).v(i).
In this paper, the efficiency of the transmission system changes under different environmental conditions is assumed constant along a route due to the limited information available for the transmission system for the converted Hyundai Getz (blade electron) used in this paper.
The input inverter power in Fig. 4 can be calculated by evaluating the efficiency of the motor and drive system using (6) .
The efficiencies of the motor and inverter can be calculated using (7) and (8), respectively, for both normal and regenerative braking conditions.
It should be noted that for each segment along a route, for the calculation of the induction motor losses, the motor would operate in the constant torque region or the constant power region, depending on the vehicle speed. Different mathematical calculations for each of these will be needed. The details of the loss calculation methods for the three-phase induction motor and inverter used in this paper are fully discussed in the authors' earlier work [11] .
The necessary power from the battery side and the battery current for each segment along a route can be calculated as follows:
B. SoC Estimation
For the SoC estimation, the model proposed in [11] is used. Conventional coulomb counting (current integration) model is used to estimate the effective battery capacity. This model only needs simple computational effort, and, therefore, low-cost microcontroller can be used to implement the model in actual EVs. In this paper, the SoC for each segment along a route can be calculated as follows:
To have an accurate SoC estimation, three correction factors are considered in this model to account for different charge/discharge rates, cell temperatures, and the SoH of the battery (battery capacity at full-charge condition over the rated battery capacity). The corrected battery capacity for each segment along a route can be determined using (14) .
λ C and λ T correction factors were extracted from the interpolation of a look-up table obtained in [3] through experimental measurement of the exact battery used in a converted Hyundai Getz. The full details of the experimental tests are fully explained in [3] . Based on the value of each correction factor with respect to time, the corrected battery capacity is updated. The current SoH of the battery λ SoH and the initial value of the SoC are obtained at the beginning of the experiment from the Orion BMS installed in the vehicle [11] . It is interesting to note that the SoH of the battery is one of the most prominent factors affecting the SoC estimation. Using a fixed value for SoH estimation will result in an overestimation of the SoC because the battery cycle life (the number of cycles that battery can support) will change due to gradual deterioration of battery performance due to the irreversible chemical reactions, which leads to a reduced battery capacity [31] .
Based on this model, by calculating the battery current from (10) and adding all the correction factors to estimate the corrected battery capacity, the expected SoC along a route can be calculated. The model proposed in [11] has been verified with experimental tests and has been shown to agree with the experimental measurements.
C. Charging Recommendation Algorithm
To reduce the range anxiety, a driver alerting option needs to be included to the vehicle's range estimation system. The proposed recommendation system has the ability to alert the driver when a recharge is necessary during the route and provides the name and address of the nearest charging station. In the proposed algorithm, to account for the effects of sudden changes in vehicle speed due to driver behavior and the varying energy usage required to reach the nearest charging station, a sufficient margin (threshold) above the minimum acceptable SoC is considered. The details of the proposed recommendation algorithm are described in Fig. 5 .
As can be seen from Fig. 5 , this algorithm checks the SoC value for each segment to be above the minimum value plus the margin. Three events may occur along the selected route and the driver may get one or more of the following three messages: "hill hazard," "stop required," or "stop recommended." The message "hill hazard" will appear along a route when, for each segment, the SoC value is smaller than both the minimum acceptable SoC for the EV, SoC m , and SoC at the destination SoC(des) (considering the regenerative braking system). This situation will occur when the EV faces steep roads with significant change in elevation. In this case, the charging status may go below the acceptable minimum range. When travelling downhill, instead, because of the regenerative braking system, the EV will be charged during braking. In this situation, the driver will be alerted at the starting point to charge the battery in order to prevent damage to the battery. The "stop recommended" message will happen along a route when SoC at the destination SoC(des) is smaller than the minimum acceptable SoC for the EV SoC m plus the margin (threshold) value SoC t . Finally, the "stop required" message will occur along a route when SoC at the destination SoC(des) is smaller than the minimum acceptable SoC for the EV SoC m , as shown in Fig. 5 .
Based on these three events, the driver needs to make a decision to recharge the battery. This means that the charging recommendation system will now tell the driver the nearest charging station and its name and address using the Google places API. This algorithm will also tell the driver roughly how much time is necessary to charge the battery in order to reach the destination. If the selected route is beyond the ability of the EV or if the initial charge of the EV is at critical level, the charging algorithm will inform the driver to fully charge the battery. At this stage, the algorithm will calculate the SoC after charging and check the values again. If the three events occur again along the rest of the journey, it means that the vehicle needs to recharge the battery again, and, therefore, the algorithm will restore the next charging station information to alert the driver. The charging time along a route can be calculated using (15) to (17) . If the vehicle needs a full charge to reach the destination, (17) will be used. Otherwise, only the minimum possible charging time will be calculated to reach the destination using (16) . In order to give to the driver a better notion of time, the calculated charging time in minutes is converted to hours:minutes:seconds format in the GUI (see Fig. 9 ).
For normal condition (minimum charging time)
For full-charge condition
III. GRAPHICAL USER INTERFACE
To implement the proposed range indicator system with the intelligent charging recommendation algorithm in a real EV, it would be beneficial to have a graphical view of the proposed model in the simulation environment. In order to do this, the proposed algorithm code is linked with a proposed GUI device. In the proposed GUI device, the driver enters the origin and destination names of the selected route from which the GPS will determine the geographical positions (latitude, longitude) of the beginning and ending of the route, the initial SoC, the number of occupants, and also the time of day in the corresponding boxes in the GUI. The user also has the option of avoiding tolls and also considering traffic congestion along a route. To take into account of the traffic congestion along a route, Google API is used to provide the expected duration in traffic with three options: best guess, pessimistic, and optimistic. The details of each option are fully discussed in [32] . In this paper, the pessimistic option is used for the calculation of vehicle SoC and total travel time. By pressing the "Get Route Data" button, the range indicator algorithm will extract all necessary real-time data from various sources. The Google direction API, Google elevation API, Google matrix distance API, WUI API, and Google places API are used for the real-time data extraction.
The designed GUI has the capability to show the road map of the selected origin and destination points. It can also show the accurate range to destination, and accurate SoC of the vehicles taken into account most of the environmental conditions, based on the initial charging level and also the selected route. If the EV needs to be charged (because the SoC has fallen below the specified threshold), the algorithm will find the nearest charging station name, address, and an accurate view of the corresponding charging station position obtained from the Google Map. From the pop-up menu in the "Route Results" panel, the users can select the simulated SoC (with/without charging), the elevation profile of the selected route, the estimated rate of change of the SoC, the estimated system efficiency, and the available range along the selected route. Other parameters, such as the ambient temperature, the estimated final value for the SoC with/without charging, the wind speed, the total distance, the probability of rain, and the estimated duration time (with/without traffic condition) to reach the destination are provided as well. The alerting system will also notify the driver to charge the battery with the minimum necessary charging time to reach the destination if at least one of the three events mentioned in Section II-C occurs.
IV. RESULTS OF THE PROPOSED REAL-TIME CHARGING RECOMMENDATION ALGORITHM
To validate the proposed algorithm, the route between 6 Tigway Avenue, Figtree, NSW, and 2 Compton Green, West Pennant Hills, NSW, in Australia was used. The parameters of the blade electron (Hyundai Getz) EV are used in this simulation for traction power estimation [11] .
In this paper, the verified SoC estimation model proposed in [11] considering different environmental conditions along with time-domain efficiency analysis of the drive system were used. Only two occupants with the initial SoC of 94.7% were considered for this estimation. Fig. 6 demonstrates the initial necessary data and road condition options of the selected route in the GUI. By pressing the "Get Route Data" button, the simulated GUI device will compile all the input data to run a real-time range indicator system. Meanwhile, the range indicator system will extract all the necessary real-time data using various APIs. Based on the time of the day, the number of occupants in the EV and the initial charging status, the range/SoC estimator will calculate the necessary range/SoC at the destination. If one of the three events mentioned in Section II-C happen along a route, the charging recommendation system will find the name, address, and the position of the nearest charging station. In addition, the proposed algorithm will calculate the minimum charging time for the selected route to have an acceptable charging level at the destination (above the minimum acceptable value plus the threshold value). In this simulation, in order to increase the possibility of finding charging station points near to the vehicle position along a route, some petrol stations in Australia have been added to the charging stations presented in Fig. 2 .
To make the results more readable, the results of each panel in the proposed GUI are demonstrated in separate figures. Fig. 7 demonstrates the road-map view of the selected route in Australia. As can be seen from Fig. 7 , the range estimation algorithm selects the shortest route between the origin and the destination (also if the "avoid tolls" check box is selected, the algorithm will select another fastest route without tolls). Fig. 8 shows the "Route Results" panel in the GUI. From the figure, the total distance and total time for the selected route were 95.587 km and 1 h and 52 min, respectively (the pessimistic traffic conditions were used in this paper by selecting the "with traffic" check box). The average ambient temperature was 25.1°C, the probability of the rain was 13%, and the wind speed was roughly 0.18 m/s.
The details of the alerting system and the charging station are shown in Fig. 9 . Fig. 9 shows that for the selected route, the initial charging level at the origin point is not enough to reach the destination. Hence, the proposed charging recommendation system will alert the driver that charging is "required" along the route.
The proposed algorithm will select the nearest charging location (when it is necessary) and displaying the required charging time. The "Alerting System" panel at the middle of the Fig. 9 shows that there will be a hill hazard along the route with this charging condition. The SoC values at the destination with and without charging are 25.43% and −5.017%, respectively. If the driver recharges the battery of the EV at the recommended places for the suggested duration time, the final SoC at the destination will be above the appropriate predefined range. The algorithm has the ability to find numerous charging stations which are necessary to reach the destination. In "Charging Station Details" panel of Fig. 9 , the total number of required stations is shown. As can be clearly seen, for the selected route, only one charging station is recommended (see top of the Fig. 9 ). From the pop-up menu of the "Charging Station Details" panel, the driver can select the station order to get all the necessary information of the corresponding station, as shown in Fig. 9 .
At the first charging location, the EV battery needs a charge for about 1 h and 24 min. At the bottom of Fig. 9 , a charging location along with its latitude and longitude information is presented (red point). The driver can also "zoom in" to the map to have a closer view with more details of the charging station position.
The plotted results of the pop-up menu in the "Route Results" panel (see Fig. 8 ) are demonstrated in Fig. 10 . Fig. 10(a) and (b) shows the SoC estimation with and without charging, respectively. As can be seen from Fig. 10(a) , after 40 min of driving, the battery of the EV is charged up to almost 55%. This shows that in the proposed algorithm, charging time is calculated only to reach the destination. Therefore, there is no need for the driver to fully charge the vehicle, which will require considerable time. The instant charging in Fig. 10(a) reveals that in the proposed algorithm, the charging time is considered separately, as explained in Section II and charging time in "Charging Station Details" tab in Fig. 9 needs to be added to the elapsed time. Fig. 10(c) shows the elevation profile of the selected route varies between 12 and 467 m. Fig. 10(d) reveals that the system efficiency is not constant along the route, and in some cases, the system efficiency is zero because, in these cases, the EV is in regenerative braking mode, but the traction power is smaller than the constant losses in the three-phase induction motor. For this reason, all the braking power is used to reduce the vehicle speed or to cause it to stop.
V. CONCLUSION AND FUTURE WORK
A real-time range/SoC estimation model and an intelligent recharge alerting system are proposed in this paper to reduce the driver range anxiety. An intelligent algorithm and a proposed GUI device are used in this model to alert the driver the need to recharge once the SoC level drops below a certain threshold. If one of the three events (hill hazard, stop required, and stop recommended) occurs along a route, the charging recommendation algorithm has the ability to show the two nearest charging locations with their names, addresses, and GPS coordinates. This algorithm also calculates the minimum charging time required at the charging station to reach the destination. The proposed system will enhance the use of EVs by reducing range anxiety and reduce the necessary charging time along a route. The proposed algorithm also helps the driver to travel over a longer distance without the possibility of being stranded by a depleted electric battery. Further research work will need to include the development of an actual real-time range indicator system with an actual GUI device (rather than the simulated ones presented here). It is envisaged that the system can also automatically detect if the recommended charging station is available or not and if it is available to reserve a charging session. If it is not available, then the vehicle can select another nearby charging station that is available for use.
